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IMPROVED METHODS TO ISOLATE, IDEP4TIFY, QUANTIFY, AND 
PROPAGATE CHICKEN INFECTIOUS ANEMIA VIRUS 
AND HIGH TITER VACCINE 

5 FIELD OF THE INVENTION 

The present invention relates to methods for isolating, identifying, 7 
quantifying, and propagating chicken infectious anenna virus, in particular, for 
vaccine production. 

BACKGROUND OF THE INVENTION 

10 Chicken infectious anemia virus (CIAV), also known as chicken ; 

anemia virus (CAV) or chicken anemia agent (CAA), belongs "to the group of 
Circoviridae. CIAV was first isolated in Japan in 1 979 during an investigation of 
a Marek's disease vaccination break (Yuasa et al., Avian Pis. 23:366-385 (1979)). 
Since that time, CIAV has been detected in commercial poultry in all major 

1 5 poultry producing countries (von Bulow et al., in Diseases of Poultry , 1 0* edition, 
Iowa State University Press, pp. 739-756 (1 997)). 

CIAV can cause clinical disease, characterized by anemia, 
hemorrhages and immunosuppression, in young susceptible chickens. Atrophy of 
the thymus and of the bone marrow are characteristic and consistent lesions of 

20 CIAV-rinfected chickens. Lymphocyte depletion in the thymus, and occasionally 
in the bursa of Fabricius, results in immunosuppression and increased 
susceptibility to secondary viral, bacterial, or fungal infections which then 
complicate the course of the disease. Infection of young chicks (less than 3 
weeks) causes anemia, immunosuppression, morbidity and sometimes mortality if 

25 the chicks are free of maternal antibodies against CIAV. In chickens with / 
: , maternal antibodies virus replication is suppressed until the antibodies disappear 
: ; ; d appro 3 weeks ' of age,* infection is mostly ' ' ; 

subclinical but majj cause changes in production of cytokines affecting the 
develbpiment of optimal immune responses to natural infections and vaccinations. 

30 The irmniinosuppression may~cause aggravated disease after infection r with one or 
more of Marek' s disease virus (MDV), infectious bursal disease virus, - 

SUBSTITUTE SHEET (RULE 26) 



WO 01/68819 



PCT7US01/07613 



-2-. 

reticuioendotheliosis virus, adenovirus, or reovirus. It has been reported that 
pathogenicity of MDV is enhanced by CIAV (deBoer et al., In Proceedings of the 
38 th Western Poultry Diseases Conference, p. 28, Tempe, Ariz. (1989)). Further, 
it has been reported that CIAV. aggravates the signs of infectious bursal disease 
5 (Rosenberger et al.. Avian Pis. 33:707-713 (1989)). Additionally, subclinical 
CIAV. infection in older chickens is correlated with decreased performance in 
< broiler flocks (McNultv et al- Avian Pis. 35:263-268 (1991)). CIAV is highly 
resistant to environmental inactivation and some common disinfectants, 
characteristics that may potentiate disease transmission; • The economic impact of 

10 CIAV infection on the poultry industry is reflected by mortality of 10% to 30% in 
disease outbreaks, a possible role in vaccine failures, and lower performance of 
infected flocks due to subclinical infection. - 4 , ■■■-.-■v..- 

:- ; L j. ..: : ,evCIAV is'a small, nonrenveloped icosahedral virus .of 25 - nm 

diameter, and contains a genome consisting of 2.3 kb circular, single-stranded 

15 DNA.; Two polypeptides have been detected in purified virus preparations; a 
major polypeptide of about 50 kilodaltons (kPa) termed VP1 , and a 24 kPa 
polypeptide termed VP2, These two polypeptides together form a major epitope 
for the production of virus-neutralizing; antibodies. . Genomic PNA sequences of 
several different isolates of CIAV have been reported. Isolate Cux-1 was 

20- . .sequenced by. Nbteborn-.et al...(Noteborn et al.. J* Virol. 65;3 13 1 t3 139,(1 991 ))- _ 

revealing 3 open reading frames (ORFs) that potentially encode polypeptides of 
51 .6 kPa, 24.0 kPa, and 1 3.6 kPa. As positioned in the genome, the three ORFs 
either partially or completely overlap one another. There was only one promoter- 
enhancer regionupstream of the ORFs, and a single polyadenylation signal 

25* downstream; of the ORFs. A single unspliced mRNA of 2100 bases is transcribed 
from the Cux-1 genome (Npteborn et al.. Gene 1 18:267-271 (1992)). ^Another 
group also sequenced the Cux-1 strain; however, differences were noted between 
their sequence data' and those from Noteborn et al. (Mechan et al., Arch. Virol. 
124:301-319 (1992)). The nucleotide sequence of strain 26P4, isolated in the 

30 U.S.A., also showed a number of nucleotide differences when compared with 
sequences. of Cux-1 (Claessens et al., J. Gen. Virol. 72:2003-2006 (1991)). 
Pespite the differences in nucleotide sequences found in various isolates from 
around the world, onlv minor differences in amino acid sequences have been 
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noted. For these reasons, it has been assumed that CIAV is a highly conserved 
virus. \ 

Presently, the process by which GIAV causes chicken infectious 
anemia is poorly understood- When strain CIA- l is introduced into susceptible 1- 
5 day old chicks, CIA- 1 produces signs and lesions characteristic of chicken 

infectious anemia including low hematocrit values, depletion of erythrocytes and 
lymphoid cells in the bone marrow, depletion of lymphoid cells of the medulla 
and the cortex of the thymus (herein referred as T-cells), and inflammatory 
changes in the liver, heart and kidney (Liicio et al., Avian Pis. 34: 146-1 53 
10 (1990)). One or more of the polypeptides encoded by the CIAV OKFs may play a 
role in the pathogenesis of chicken infectious anemia by facilitating invasion into 
susceptible cells, and/or initiating T-cell apoptosis. 

, _ i ' Exposing hens to CIAV may induce maternal antibody in chickens 

: which may help protect against CIAV infections in their progeny. However, such 
15 vaccination with any of the CIAV strains has inherent problems including the 
potential of vertical (through the egg) transmission, and contamination of the 
environment. It is therefore desirable to develop ai vaccine having as the 
immunogen a purified polypeptide^) associated with CIAV. 
. . When CIAV was fkst isolated in 1 
20 Some Characteristics of an Agent Inducing Anemia in Chicks." Avian Pis. - . 
23 :366-385 (1979)), the only method of propagation was by chick inoculation. 
The Gifu strain of CIAV was subsequently found by Yuasa et al. (Y uasa, 
"Propagation and Infectivity Titration of the Gifu-1 Strain of Chicken Anemia 
Agent in a Cell Line (MDCC-MSB1) Derived From Marek's Disease 
25 Lymphoma." Nat. Inst. Anirn. Health O. 23 : 1 3^20 f 1 983 Y) to replicate in two 

lymphoblastoid cell lines, Marek's disease cell culture (MDCC)-MSB 1 (MSB 1 ) 
— : -J_(Akiyama et al:,-"Two-^ Disease," Biken 

L 17:105-116 (1974)), and MDCC-JP2 (Yamaguchi et al., ^Establishment of 
Marek's Disease Lymphoblastoid Cell Lines from Chickens with BABK of B 
30 Blood Groups,'? Biken J. 22:35-40 (1979)), and the lymphoblastoid avian leukosis 
viixis-lxansforrned cell line, LSCC-1 104X5 (Hihara et al^ "Establishment of 
Tumor Cell Lines Cultured From Chickens With. Avian Lymphoid Leukosis,'' Nat. 
" : Inst. AnimV Health fi, 1 4:1 7T ( 1974Y). - Two otherMarek's disease cell lines, 
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MDCC-RP1 (Nazerian et al., "A Nonproducer T Lymphoblastoid Cell Line From 
Marek's Disease Transplantable Tumor (JMV)," Avian Pis. 21:69-76 (1977)) and 
MDCC-BP 1 (Yuasa, "Propagation and Infectivity Titration of the Gifii-1 Strain of 
Chicken Aneirria Agent in a Cell Line (MDCC-MSB 1) Derived From Marek's 
5 Disease Lymphoma, V Nat Inst. Anim. Health O. 23:13-20 (1983)), and one 
lymphoid leukosis line^LSCC-TLT-1 (current terminology: LSCC^CU 10) 
(Calnek et al., "Establishment of Marek!s Disease Lymphoblastoid Cell Lines 

. k Froni Transplantable Versus Primary Lymphomas," Int. J. Cancer 2 1: 1 00- 1 97 
r (1978)) apparently failed to support the growth of the virus. More recent reports 

10 (Chandratilleke et aL, "Characterization of Proteins of Ctacken Infectious Anemia 
: - • ;> Virus with Monoclonal Antibodies," Avian Pis. 35:854-862 (1991) arid Renshaw 

et al., "A Hypervariable Region in VP1 of Chicken Infectious Anemia Virus 
Mediates Rate of Spread and Cell Tropism in Tissue Culture," J. Virology 
70:8872-8878 (1996)) suggest that other MP cell lines such as MPCC-CU22 

15 (Calnek et al., "Spontaneous and Induced Herpesvirus Genome Expression in 
Marek's Disease Tumor Cell Lines," Infect. Immun. 34:483^491 (1981)) and a 
reticuloendotheliosis viiris-transformed T-cell line, RECC-GU205 (Schat et al, 
"Stable Transfection of Reticuloendotheliosis Virus-Transformed Lymphoblastoid 
Cell Lines^" Avian Pis. 36:432-439 (1992)), also are susceptible to one or more 

:. —20 ^ strains_of CIAV._.The virus also can be propagated in. chicken embiyos.(von^ 

Btilow et al., "Chicken Vermehrung des Erregers der Aviaren Infektiosen Anamie 
ICAA) in Embrvonierten Huhnereiem," J. Vet. Med. B 33:664-669 (1986)). 

MSB 1 cells, characterized as mature helper T lymphocytes (CD3+, 
CD4+, CD8-, TCR2+) (Adair et al., "Characterization of Surface Markers Present 

25 on Cells Infected by Chicken Anemia Virus in Experimentally Infected 

Chickens," Avian Pis. 37:943-950 (1993)), are the most commonly reported 
substrate used for in vitro isolation, propagation, and titration of C1AV (von 
Btilow et al. , "Chicken Infectious Anemia," Diseases of Poultry, 10 th ed., Iowa 
State University Press, pp. 739-756 (1 997) and McNulty, "Chicken Anaemia 

30 Agent: a Review," Avian Pathol. 20:187-203 (1991)). Criteria of infection of 
MSB1 cultures include cytopathic effects and [detection 'of viral antigen(s) by 
immunofluorescence (IF) tests or other ihethods. Although these cells appear to 
be the preferred substrate for in vifro infection with many strains of CIAV, some 
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virus strains have been reported to not infect certain sublines of MSB 1 , or to do so 
only poorly. For instance, Cux-1 (von Btilow et al, "Friihsterblichkeitssyndrom 
bei Ktiken nach Doppelinfektion mit dem Virus der Marekshen Krankheit (MDV) 
und einem Anami-Erreger (CAA)," Veterinaermed Reihe B 30:742-750 (1983)), 
5 CIA-1 (Lucio et al., "Identification of the Chicken Anemia Agent, Reproduction 
of the Disease, and Serological Survey in the United States," Avian Pis. 34: 146- 
153 (1 990)), and L-028 (Renshaw et al, "A Hypervariable Region in VP1 of 
Chicken Infectious Anemia Virus Mediates Rate of Spread and Cell Tropism in 
Tissue Culture." J. Virology 70:8872-8878 (1996)) all were found to replicate in 
10 one subline of MSB 1 , MSB 1 (S), but only Cux- 1 replicated in a second subline, 
MSB1(L) and then to a lesser degree than in MSB1(S). Furthermore, strain CIA-1 
grew more slowly than Cux-1 in MSB 1 (S) cells. In a preliminary report by Lucio 
_ - et al. in 1 992 (Lucio-Martinez et al,. "Comparative Susceptibility of Avian Cell 
Lines to Chicken Infectious Anemia Virus (abstract)," Proc. 129 th Ann. Meet. 
15 Amer. Vet. Med. Assoc. Boston. MA (1 992)). there appeared to he substantial 
differences in CIAV-susceptibility among cell lines with some lines appearing to 
be more susceptible than MSB1(L) to the Cux-1 strain of CIAV. 

The present invention is directed to overcoming the deficiencies in 
the prior art in isolating, identifying, quantifying, and propagating chicken 
- 20 _ infectious anemia virus. _ . „ . _• L 

SUMMARY OF THE INVENTION 

The present invention relates to a method of propagating chicken 
infectious anemia virus. This method involves providing a Marek's disease 
chicken cell line - CU147 culture and inoculating the culture with a chicken 
infectious anemia virus under conditions effective to propagate the virus in the 
culture. 

The present invention also relates to a method of isolating chicken 
infectious anemia virus from a sample. This method involves providing a 
biological sample infected with a chicken infectious anemia^virus, providing a ~ 
Marek's disease chicken cell line - CU147 culture, incubating the culture with the 
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biological sample under conditions effective to allow the virus to infect the 
culture, and isolating the virus from the culture. 

Another aspect of the present invention is a method for identifying 
chicken infectious anemia virus in a sample. This method involves providing a 
--i r 5 . biological sample potentially containing a chicken infectious anemiavirus, 
, v. / providing a Marek ? s disease chicken cell line - CU 147 culture, incubating the 
culture with the biological sample under conditions effective to allow any of the 
,v.V . ; 4 virus present in the biological sample to infect the ctdtiire, and identifying the 
presence of any of the virus in the culture. . ■ ' 

10 , i v; ^ , : Yet another aspect of the present invention is a method for 

; quantifying chicken infectious; anemia virus in a sample. This .method involves 
f providing a biological sample containing a quantity of chicken infectious anemia 
/^k^-^yirusi providing'a Marekts disease chicken cell line. t_CU147: culture, inciibating 
the cultiire'with the biological sample imder conditions effective to -allow 
: ; .1 5> . .to infect the -ciriture; and titrating the quantity of virus in the culture. : > 
- ; >y Vi :? ' ; The present in^ 
fonniilatipn for cW^^ viius which includes an y-. ^ : 

. : immunologically effective amount of chicken infectious anemia, virus propagated 
in a Marek's disease chicken celMine CU147 culture. ; ::• > - J r : v r . • ? • 
. : 20 ~L- ,_ . : > Another, aspect of the present invention is_a method of immunizing; 

poultry against chicken "infectious anemia virus which includes administering a 
vaccine prepared from chicken infectious anemia virus propagated in a Marek's 
disease chicken cell, line - CU147 culture in an amount effective to induce an 
^immune response to the-. virus. 
25- The methods of the present invention can be vised to replicate virus 

to higher titers than with prior art methods, In addition, the use of the methods of 
the present invention for the production of a vaccine results in improved yields of 
virus and, therefore, improved vaccine production. Moreover, the methods of the 
: present invention can be used to produce high. yields of virus and virus antigen to 
30 be used in diagnostic assays. 
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DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to a method of propagating chicken 
i\ r i infectious anemia vims (CIAV). This method involves providing a Marek's 
5 disease chicken cell line - CU147 (MDCC-CU147) culture (ATCC Accession No. 
PTA-1476) and inoculating the culture with a chicken infectious anemia virus 
under conditions effective to propagate the virus in the culture. , 
: • ' ■ • ■ ' i Suitable virus strains of CIAV include, but are not hmited to, CIA- 

1 strain (GenBank Accession No. L14767, which is hereby incorporated by 
10 reference), Cux-1 strain (GenBank Accession No. M55918, which is hereby 
' r incorporated by reference), Gifu strain (Yuasa, "Propagation. and Infectivity 
* _ ■ Titration of the Gifu-1 Strain of Chicken Anemia Agent in a Cell Line (MDCC- 
...... < . MSB1) Derived From Marek's Disease Lymphoma." Nat. Inst Anim. Health O. 

23:13-20 (1983), which is hereby incorporated by reference), TK-5803 strain 
15 (Goryo et al., "Serial Propagation and Purification of Chicken Anaemia Agent in 
MDCC-MSB1 Cell Line, 7 ' Avian Pathology 16:149-163 (1987), which is hereby 
incorporated by reference); CAA82-2 strain (Otaki et al., "Isolation of Chicken 
■ Anaemia Agent and Marek's Disease Virus from Chickens Vaccinated with 
Turkey Herpesvirus and Ldsions Induced in Chicks by Inoculating Both Agents," 
—20 Avian Pathology .1 6:291^306 (1 987V which is hereby incorporated by.referehce), 
i • • * r • .;L-028. strain (ORF1 : GenBank- Accession No; U69549, which is hereby 

' " incorporated by reference), Conn strain (GorinB: ORF1 : GenBank Accession No. 
U69548? which is hereby incorporated by reference), GA strain (Goodwin et al., 
"Isolation and Identification of a Parvovirus -Like Virus (The So-Called Chick 
25 Anemia: Agent (dAAT) that Causes Infectious Anemia in Chicks«" Proc. 38 th 
: * • - 1; Western Poultry Disease Conference, Tempe, Arizona, pp. 2 1-23 (1 989), which is 
^Llj;-. -hereby^incorporatedby^ 1-1141, 
; j which is hereby incorporated by reference), SR43 strain (Zhou et al., "Isolation 

.v.t and Identification of Chicken Infectious Anemia Virus in China^' Avian Diseases 
30 41 :361-364 (1997), which is hereby incorporated by reference);, ancLCL-1 strain 
CLamichhane et al., "Pathogenicity of CL-1 Chicken Anemia Agent/' Avian 
Diseases 35:515-522 (1991), which is hereby incorporated by reference). 
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- Cell lines- such as the-MDCC-CU147 cell line can be provided by 
numerous techniques known to those of ordinary skill in the art. In particular, the 
MDCC-CU147 cell line can be derived from Marek's disease lymphomas induced 
in chickens. Virus strains which can be used to induce tumors include: the low- 
5 oncogenicity- strain CU-2 (Smith et al., "Effect of Virus Pathogenicity on 

Antibody Production in Marek's Disease." Avian Pis? 1 7:727-736 (1973), which 
is hereby incorporated by reference); moderateTondogenicity strains BC-1 (Murthy 
.^k et al.j "Pathogenesis of Marek's Disease: Early Appearance of Marek' s Disease 
5 r L*z Tumor- Associated Surface Antigen in Infected Chickens," J; Natl. Cancer Inst. 
: tlO — v 61:849^854 (1978), which is hereby incorporated by reference), Conn3 (Jakowski 
o vH^tTV'.>: ;.et al., "HematopoietioDestructipij in Marek's Disease Viruses in Chickens," 

y. . Avian Dis> 14:374-385; (1 970), which is hereby, inporpofated by reference), and 
. ^ : > ~- J M-10 (Calnek, "Influenc e of Age at Exposure on the Palhojgene^ 

;i{ Disease;" J.< Natl. Cancer Inst. 5 1:929-939 (1 973), \wl»chas : hereby- incorporated 
1 5 i by reference); high-oncogenicity strain GA-5 (Calnek, "Influence of Age at 
: j : Exposure on the^Pathogenesis of Marek's^ Disease," J. Natl. Cancer Inst. 51 :929- 
939 (1973), which is hereby incorporated by reference); and the /very high- 
*: ■•: i oncogenicity strain RB- 1 B : (Schat et al., "Influence of Oncogenicity of Marek' s 
Disease Virus on Evaluation of Genetic Resistance." Poult. Sci. 60:2559-2566 

_ _ T . .20 ^:^1 98 l),.which.is hereby inc 

. |7r ... Further, cell lines such as the MDCC-CU147, cell line c 
established from early local lesions induced by Marek' s disease virus and 
alloantigens as described in Calnek etaL, "Pathogenesis of Marek's Disease- 
Virus-Induced Local Lesions. 2> Influence of Virus Strain and Host Genotype," 
25 In: Advances in Marek's Disease Research. Kato. et al., Eds., Gapanses 

Association on Marek's Disease, Osaka, Japan, pp. 324-330 (19^8) and Calnek et 
al., "Pathogenesis of Marek's Disease Virus-Induced Local Lesions. 1 . Lesion 
Characterization and Cell Line Establishment," Avian Pis. 33:291-302 (1989), 
which are hereby incorporated by reference. 
30 The preparation and maintenance of cultures of the MDCC-CU147 

cell line may be effected by techniques which are well knowr^ in the ; art For _ 
example, cultures may be seeded at 250,000 cells/ml in plastic flasks or in 24-well 
plastic plates in an aooroDiiate medium, such as LM Hahn medium or Leibovitz's 
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L-15-McCoy's 5A medium (Galnek et al., "Spontaneous and Induced Herpesvirus 
Genome Expression in Marek's Disease Tumor Cell Lines," Infect. Immun. 
34:483-491 (1981), which is hereby incorporated by reference), and then 
incubated,, e.g., in a 5% C0 2 atmosphere at approximately 40-41 °C. 
5 In a preferred embodiment, inoculation is at a level from about 20 

jxL undiluted virus/ml culture to about 100 pJL undiluted virus/ml culture. 

In the method of the present invention, MDCC-CU147 can be used 
to replicate the CIAV to higher titers than in sublines of MSB- 1 (see Tables 2, 3, 
and 4 in the Examples, below). These results could not be expected based on the 

10 phenotype of MDCC-CU 1 47 because other cell lines with a similar phenotype 

(Tables 1 and 3) are much less susceptible to infection with and the replication of 
CIAV. In addition, the use of MDGC-GU147 instead of other cell lines (e.g., 
MSB-1) for the production of a GIAV-vaccine results in improved yields. of virus 
providing a competitive advantage to any company using MDCC-CU147 for 

1 5 vaccine production or other purposes. In particular, the use of MDCC-CU 1 47 

allows production of high yields of virus and virus antigen to be used in diagnostic 
assays. 

The present invention also relates to a method of isolating chicken 
infectious anemia virus from a sample. This method involves providing a 

20' biological sample infected with a chicken infectious aheiriia virus, providing a 

Marek's disease chicken cell line - CU147 culture, incubating the culture with the 
biological sample under conditions effective to allow the virus to infect the 
culture, arid isolating the virus from the culture: 

Suitable biological samples include blood, mucosal scrapings, 
25 semen, tissue biopsy, embryonal tissues, secretions and excretions, and swabs of 

. ; bodily fluids. j_vj _ ; • L ; • ' „'._ 

' ' : 1 -i- - The vi^-lmky-beisolated-fr^ of the culture 

using methods known to those of ordinary skill in the art. In particular, virus can 
be isolated from infected cells by co-cultivation of infected cells with MDCC- 
30 v CU147 culture cells, or from extracts of infected cells obtained by any of the 

freeze-thaw, i^'fi^''Sedv^ob^-£xcrki<^ : or swabs of oilier bodily fluids. 
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Another aspect of the present invention is a method for identifying 
chicken infectious aniemia virus in a sample. This method involves providing a 
biological sample potentially containing a chicken infectious anemia virus, 
providing a Marek's disease chicken cell line - CU147 culture, incubating the 
5 culture with the biological sample under conditions effective to allow any of the 
• ■ : virus present in the biological sample to infect the bulture, and identifying the 
presence of any of the virus in the culture. \ 
. v . . i : - Suitable methods for identifying the presence of the virus in the 

culture • i.e., demonstrating the presence of viral proteins in the culture, include 
10 , immunofluorescence tests, 1 which may use a monoclonal antibody against one of 
? the viral proteins or polyclonal antibodies (von Bulow et al., in Diseases of 
; Poultry, 10? edition, Iowa, State University Press, pp: 739-756 (1997), which is 

^ hergby incorporated by refere nce ), polymerase chain reaction (PCR) or nested 

, . j PCR (Soine et al,. Avian Diseases 37:467-476 (1993), which is hereby 
.15 • incorporated by reference), ELISA (von Btilow et al:: in Diseases of Poultry; 1 0 th 
> . > edition, Iowa State University Press, pp. 73 9-756 ( 1 997), which is hereby 
_ incorporated by ^^ reference),- virus neutralization, - 

histochemical methods of identifying specific viral proteins. 

The method of identifying chicken infectious anemia virus in a 

20 sample of the present invention is particularly applicable tc^th^ development of 

diagnostic tests. In particular, once the presence of the virus in the culture is 
identified, the, viral proteins may be extracted from the culture and used as & 
substrate for a diagnostic test, eg;, ELISA, inimuriofluorescence techniques, and 
PCR techniques. . ,: " 

25 Yet another aspect of the present inventibn is a method for 

quismtifying chicken infectious anemia virus in a sample. This.method involves 
providing a biological, sample containing a quantity of chicken infectious anemia 
virus, providing a Marek's disease chicken cell line - CU147 culture, incubating 
the culture with the biological sample under conditions effective to replicate the 
30 virus in the culture, and titrating the quantity of the virus in the culture. 
~ - , • ■ Titrating the quantity of the virus in the culture may be effected by 

techniques known in the art, as described in Villegas- et al., "Titration of 
Biological Suspensions," In: A Laboratory Manual for the Isolation and 
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Identification of Avian Pathogens. 3 rd Ed,. Purchase et al.. Eds.. Kendall/Hunt 
Publishing Co., Dubuque, Iowa, pp. 1 86-190 (1989), which is hereby incorporated 
by reference. 

The present invention also relates to a high titer vaccine 
5 formulation for chicken infectious anemia virus which includes an 

immunologically effective amount of chicken infectious anemia virus propagated 
in a Marek's disease chicken cell line - CU147 culture. 

CIAV can be cultured in the MDCC-CU147 culture to a titer of at 
least 5 x 1 0 7 tissue culture infective doses - fifty percent (TCID50). 
10 One embodiment of the present invention is a live vaccine. Live 

attenuated vaccines may be produced by methods known in the art. For example, 
live attenuated vaccines may be produced by passaging and propagating the CIAV 
in an appropriate cell culture, e.g., the MDCC-CU147 culture, followed by 
subsequent propagation and passaging in embryonated eggs (see U.S. Patent No. 
15, 5,728,569 to Schrier et al., which is hereby incorporated by reference). The 

vaccines of the present invention containing a live attenuated CIAV strain can be 
prepared and marketed in the form of a suspension or as a lyophilized product in a 
manner known per se. 

Another embodiment of the present invention is an inactivated 
20 vaccine which includes one or more isolates of inactivated CIAV propagated in an 
MDCC-CU147 culture. '• 

Inactivation of CIAV (to eliminate reproduction of the virus) for 
use in the vaccine of the present invention can be achieved, in general, by 
chemical or physical means (see U.S. Patent No. 5,728,569 to Schrier et al., which 
25 is hereby incorporated by reference). Chemical inactivation can be effected by 
treating the virus with, for example, enzymes, formaldehyde, beta-propiolactone, 
elbylene-iminei or a derivative thereof. If necessary, the inactivating compound, 
can be neutralized after inactivation is complete; For example^ material 
inactivated with formaldehyde can be neutralized with thiosulfate. Physical 
inactivation can be effected by subjecting the virus to energy-rich radiation, e g., 
UV light, X4radiatiori, or gamma-radiation. If desired, the pH can be brought 
- back to a value of about 7 after treatment. ^ r: • - - . > ; ■;■ : : 
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^ The vaccines of the present invention are administered in a dose 
sufficient to induce an immune response to the CIAV (see US; Patent No. 
5,728,569 to'Schrier et aL, which is hereby incorporated by reference). 
;« 1 The vaccines of the present invention can be admini 
5 parenterally, subcutaneously; intravenously, intramuscularly, intraperitoneally, by 
intranasal instillation, by intracavitary or intravesical instillation* intrabcularly, 
■i. intraarterially -intralesionally; or by application to iriucous membranes, such as, 
that of the nose, throat, and bronchial tubes. They can be administered alone or 
with pharmaceutical^ or physiologically acceptable carriers, excipients, or 
10 "stabilizers, and can be in solid or liquid form such as; powders, solutions, 
- suspensions, or emulsions. :. : J ' , -l • J ; r,\/ : .v. ■ :*u 

: ; - I> '.\, -Thfe GIAVr'prdpajgated in a'Marek's 'disease chicken 1 cell line- 

> • • by solution br suspension of these materials in a physioiogic^Uy^acceptable 
1 5 £ • diluent with a jpharmaceufical carrier/ Such earners include sterile liquids, such as 
v> 7-', water and oils, with or without the. addition of a 4 surfacl^t and other ^ -C 

.*• : pharmaceuticaily arid physiologically acceptable earners;- including adjuvants, 
; J excipients, or stabilizers. Illustrative oils are those of petroleum, aaimal, 

vegetable^ or synthetic origin, for example, peanut oil, soybean oil; or mineral oil. 
20 In general, water, -saline, aqueous dextrose and relatedjsugarJsolution, and glycols, ... 
such as propylene glycol or polyethylene glycol, are preferred liquid carriers, 
•■ particularly for -injectable solutions. 

. / For use as aerosols, the CIAV propagated in a Marek!s disease 
chicken cell line - GUI 47 culture of the present invention in solution or 
25 suspension may be packaged in a pressurized aerosol container together with 

suitable propellarits, for example, hydrocarbon propellants like propane, butane, or 
- . isobutane with conventional adjuvants. The materials of the present invention 
also may be administered in a non-pressurized form such as in a nebulizer or 
atomizer. 

30 ; ■< ■:. As described above, a stabilizer may be added to the vaccine 

composition. Suitable stabilizers include SPGA_(Bavarnik et al., J. Bacteriology, 
59:509-522 (1950), which is hereby incorporated by reference), carbohydrates 
(such as sorbitol, mannitoL starch, sucrose, dextran. or glucose), proteins (such as 
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albumin or casein), or degradation products thereof, and buffers (such as alkali 
metal phosphates). • /" 1 w ;\ ■•■ • v ? i < 

In addition, suitable adjuvants can also be added to the vaccine 
formulation. Suitable compounds with adjuvant activity include vitamin-E acetate 
5 oil-in-water. emulsion, aluminum hydroxide-phosphate, or oxide, mineral oil (e.g., 
BAYOL® and MARCOL®), and saponins. 

Emulsifiers, such as TWEEN^ and SPAN®, may also be added to 
the vaccine formulation. ; s\ <;•;. ^ 

Vaccines according to the present invention niay contain 
10 combinations of the CIAV propagated in an MDCC-CU 147 culture and one or 
more unrelated avian viruses. Suitable unrelated avian viruses include Newcastle 
Disease virus (-TSnDV"), Infectious Bronchitis virus ("IBV") (ATCC Accession 
„Nqs,VR-^ 

(IBVD) (ATCC Accession Nos. VR-478, VR-2041, and VR-2161), Marek's 
15 Disease virus ("MDV") (ATCC Accession Nos. VRv585, VR-624, VR-987, VR- 
2001, VR-2002, VR-2103, VR-2175, VR-2176, and VR-2260), Herpes virus of 
Turkeys ("HVT") (ATCC Accession No. VR-584B), Infectious Laryngotracheitis 
virus (ATCC Accession No. VR-783) or other avian herpes, Reo virus, Egg Drop 
Syndrome virus, Avian Encephalomyelitis virus (ATCC Accession Nos. VR-71 3 

j . 20__ and YR-2058), Reticuloendotheliosis virus (ATCC Accession Nos. VR-770, NR- : 

. 994, 4501 1, 45012, 45013, and 45158), Leukosis virus (ATCC Accession Nos. 
VR-247, VR-335, VR-658, and VR-773), Fowlpox virus (ATCC Accession Nos r 
VR-229, VR-249, VR-250, and VR-251), Turkey Rhinotracheitis virus ("TRTV"), 
Adenovirus; for Avian Influenza virus (ATCC Accession No. VR-40); 
25 1 Another aspect of the present invention is a method of immunizing 

poultry against chicken infectious anemia vi^ wln^ 

- ^ vaccm^ 

disease chicken cell line > CU147 culture in an amount effective to induce an 
immune response to the virus. u v; ^ : 

30 .T^ 
~ :'y\'\'. vaccines.' • ■ ; ' , . ; ..r ■ v7. 'stiU. vr^'- ./.ty*-.*? -Vv-j 

. ■-• , v :■; r •, •• • u. >i k l/v/ a^qh !s/.-:*y:. • 
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-EXAMPLES. • 

Example 1 — Preparation of Cell Lines. 

MSB1(S) and MSB1(L) have been described (Renshaw et al., "A 
5 Hypervariable Region in VP 1 of Chicken Infectious Anemia Virus Mediates Rate 
of Spread and Cell Tropism in Tissue Culture," J. Virology 70:8872t8878 (1996), 
which is hereby incorporated by reference). Briefly, the "S" subline (unknown 
passage level) was obtained from G. Thiry, Solvay Animal Health, Mendota 
Heights, MN, whereas the "L" subline was received as passage-96 from R. L. 

10 Witter, USD A Animal Disease and Oncology Laboratory, E. Lansing, MI. 
MSB 1 (S) cultures which were used had been maintained in the laboratory for 
approximately 26 to 58 days in culture (DIC) after receipt (X+26 DIC to X+58 

DIC). MSB1(L) cells were used as 122 nd to 367 th passage cultures. . _ . . 

MDCC-CU12, -CU14, -CU32, and„-CU36 (Calnek et al, 

15 "Spontaneous and Induced Herpesvirus Genome Expression in Marek's Disease 
tumor Cell Lines," Infect Immun! 34:483-491 (i981)/wlncii.is hereby' 
incorporated by reference) were derived from Marek's disease (MD) lymphomas 
and were ; used after 90, 1 50, 1 1 5, and 1 1 5 DIQ respectively. All other cell lines 
werfc established from early local lesions induced by Marek's disease virus 
— 20 - (MDV) and alldantigens (Calnek et al, "Pathogenesis of Marek' s Disease Virus^ 
Induced Local Lesions. 1 . Lesion Characterization and Cell Line Establishment," 
Avian Pis. 33:291-302 (1989) and Schat et aL,' "transformation 
Subsets by Marek's bisease Herpesvirus," J. Virology 65 :1408-1413 (1991), 
which are hereby incorporated by reference). These lines were all of the same 

25 genotype, i.e., from S- 13 chickens (B i 3 2? 13 ) (Schat et a£ "Cultivation and 

Characterization of Avian Lymphocytes with Natural Killer Cell Activity," Avian 
Pathol. 15:539-556 (1986), which i£ hereby incorporated by reference), and 
infected with the GA-5 strain of MDV (Calnek, "influence of Age at Exposure on 
the Pathogenesis of Marek's Disease," J. Nat. Cancer Inst. 51:929-939 (1973), 

30 which is hereby incorporated by reference)^ They were Used after 21 to 131 DIC. 
All cell lines and surface-marker characteristics are listed in Table 1, below. 
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Table 1. Phenotypic characterization of cell lines. 



CD4+/CD8- 



CD4-/CD8+ 



CD4-/CD8- 



TCR2+ 



TCR3+ 



TCR2+ 



TCR3+ 



TCR2+ 



TCR3+ 



MSB1 (S) 
MSB1 (L) 
CU32 
CU36 
CU78 , 
CU95 
CU137 
CU141 



CU12 
CU14 B 



CU88 

CU94 

CU139 

CU145 C 

CU150 



CU82 
CU105 
CU112 
CU147 



CU86 .,. 
CU109 C 
CU133 
CUT 40 
CUT 51 



CU108 
CU123 



10 



15 



Classification based on indirect irnmunofluorescence tests with 
monoclonal antibodies. 

B Previously classified as CD4+/CD8-, TCR2 (Schat et al., 
"Transformation of T-lymphocyte Subsets by Marek's Disease Herpesvirus," J. 
Virology 65:1408-1413 (1991), which is hereby incorporated by reference) 

c Previously classified at CD4-/CD8+, TCR3 (Schat et al., 
"Transformation of T-lymphocyte Subsets by Marek's Disease Herpesvirus," J. 
Virology 65 :1408-1413 (1991), which is hereby incorporated by reference) 

D Previously classified at CD4-/CD8-, TCR2 (Schat et al., "Transformation 
of T-lymphocyte Subsets by Marek's Disease Herpesvirus," J. Virology 65:1408- 
1413 (1991), which is hereby incorporated by reference) 



To determine surface markers, all cell lines were subjected to IF 
tests using methods and monoclonal antibodies as described in Schat et al., 
"Transformation of T-lymphocyte Subsets by Marek's Disease Herpesvirus," J. 
Virology 65:1408-1413 (1991), which is hereby incorporated by reference. 
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Example 2 - Culture Inoculation and Maintenance, 

Cultures were seeded at 250,000 cells/ml in 25 cm 2 plastic flasks or 
■ in 24-well plastic plates in LM Hahn medium (Calnek et al., "Spontaneous and 
Induced Herpesvirus Genome Expression in Marek's Disease Tumor Cell Lines/ 5 
5 Infect. Immun. 34:483-49 1 (198 1), which is hereby incorporated by reference) 
: modified by reducing the chicken serum to 4% and incubated in a 5%:C02 
atmosphere at, 41 PC. The chicken serum used in the medium was collected from 
specific-pathogenrfree chickens known to be free of ClAV infection and 
confirmed to be CIAV-free by PCR, as described .below. Inoculations with virus 
10 were at the rate of 100 ^L/ml (Experiment 1) or 20 \xL/ml (all others). Cultures 
were split by adding additional, medium every 2-3 days, generally at the time of . 
sampling.^ \- \ : u ; • «. ■" 

Example 3 — Virus Strains; Titrations: : i 

15 / The origins of two virus strains, Giix-1 (VbnBulowetaL, , 

; 'Truhsterblichkeitssyndrom bei Kuken nach Doppelinfektion mit dem Virus der 
Marekshen Krankheit (MDV) urid einem Anami-Erreger (CAA)/' Veterinaermed 
ReiheB 30:742-750 (1983), which is hereby incorporated by reference) and CIA- 
1 (Lucio et aL, "Identification of the Chicken Anemia Agent, Reproduction of the 
_;2.GL Disease/ and Serological Suivev;in,theJJnited States.v _~ 
(1990), which is hereby incorporated by reference), have been described 
(Renshaw et aL, "A Hypervariable Region in VP1 of Chicken Infectious Anemia- 
. Virus Mediates Rate of Spread arid Cell Tropism in Tissue Culture," J. Virology 
70:8872-8878 (1996), which is hereby incorporated by reference)). For these 
25 studies, two batches of Cux-1 strain were used. Batch 1 had a total of 6 passages 
in MSB1 (L) cells following its receipt. Batch 2 was passaged 3 times in MSB1 
(L) cells and once in MSB 1 (S) cells prior to a final passage in CU147 cells. CIA- 
I was used as bird-propagated virus in the form of an infected liver extract (3.9 x 
10 4 chicken minimal infective doses/ml) (Batch 1) or after 2 subsequent passages 
30 in CU147 cells (Batch 2). >. 

For titrations, samples of inoculated cultures were examined by the 
IF test and the titer was based on the presence or absence of infection. Minimal 
infective dose (MTDYendooints were determined as the last dilution to be positive 
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when only one culture was inoculated per dilution; In titrations with 4 cultures 
per dilution, endpoints were calculated by the method of Reed and Muench (Reed 
* et al., "A Simple Method for Estimating Fifty Percent Endpoints/ 5 Amer. J. 
Hygiene 27:493-497 (1938), which is hereby incorporated by reference). The titer 
5 v of Batch- 1 was approximately 10 MID/ml in MSB1 (L) cells whereas that of 
Batch-3 was determined to be 5.0 x 10* tissue culture infective dbses-50% 
(TCro 5 o)/ml in MSB1 (S) cells. The tissue culture-propagated CIA-I virus, Batch 
2, had a titer of 6.9 x 10 6 TCIDso/ml in MSB1 (S) cells. 

10 Example 4 — Immunofluorescence Tests for Viral Antigen. 

. ' Monoclonal antibody 51.3, specific for CIAV viral protein 3 

(Chandratilleke et al., "Characterization of Proteins of Chicken Infectious Anemia 
_ Virus with Monoclonal Antibodies" Avian Pis. 35:854-862 (1991), which is 
hereby incorporated by reference), was applied to air-dried, acetone-fixed smears 
15 of 50,000 cells on 12-well slides. After 15 minutes of incubation in a moist 37 °C 
chamber, the slides were washed in phosphate-buffered saline (PBS), and then 
r stained with goat anti-mouse antibodies conjugated with fluorescein 

isothiocyanate for another 15 minutes in the moist chamber. Coverslips were 
.v applied after another PBS wash and the smears were examined using a 

20 _ : fluorescence microscope with epi-illiimination. Positive.cells were counted by 

examination of the entire smear, or the number was estimated by counting a 
• « known portion of the smear in moderately infected cultures, or was determined by 
estimating the percentage of infected cells in heavily infected cultures. The rate of 
infection is reported as the number of positive cells per 50,000. 
25 . ,<••- ; . ; •:. . -*■..- - ■ ■ :'■ 

Example 5 - DNA Extraction, _ \ 

„ J._. .-Hi- i : jl. LL_^-.DNA-was extracted -from each-tissue cultureisample using standard 
techniques (Moore, "Preparation and Analysis of DNA," Current Protocols in 
Molecular Biology. Vol. 1, Greene Publishing Associates and Wiley-Interscience, 
30 John Wiley and Sons, Inc., New York, NY (1988), which is hereby incorporated 
by reference) with some modifications. Briefly, 1-2 nil ofcells growing in 
suspension were pelleted and resuspended in 0.5 ml of the culture supernatant. 
The samples were then incubated overnight at 37-41. P G in digestion buffer (100 
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mM Tris-HCl, pH 8.0, 10 mM Nad, 0.5% sodium dodecyl sulfate, and 0.2 Kig/ml 

proteinase K). Each sample was extracted with a mixture of . 

phenol:chloroform:isoathyl alcohol (25:24:1) once and the DNA precipitated at - 
; 20 °C with one volume of isopropyl alcohol and one-tenth volume 3 M NaCl 
5 overnight.. The DNA was pelleted by centrifugation at 14,000 x g, 4 °C for 20 
, minutes. The DNA was washed with 70% ethanol, resuspended in Tris-EDTA pH 

: 7.4, and quantitated using a TD-360 fluorometer (Turner Designs, Inc., 
: . . Sunnyvale; CA). ■ : : ; - : , * 

10 Example 6 - Polymerase Chain Reaction (PCRV 

For CIAV screening, a standard PCR method was used. The first 
reaction contained 100 ng of total DNA; 1.5 mM MgCl 2 , 0;25 units Taq DNA 
■„ :■ ■ ; : • ?Ji polymerase (Gibco-BRL, Life Technologies, Gaithersburg, MD), IX P„CR buffer 
(GibcorBRL)/50 pmole each primer (pnmer OSF:.--. r : i -.:v>'.^ a rv'l 
: 1 5 ; i GAAGTAATTTCAAATGAACG (SEQ. Ip. No. 1), primer G3R: w 
= - , TTGGCATGTTACAGTGTTAT (SEQ. ID. No. 2)), and,0.25 mM each nucleotide 
triphosphate (NTP) in a 50 jliL total volume. The reaction was performed for 35 
cycles after a 5 minute denaturation at 94 °C (each cycle was 94:?G;fo* 1 minute, 
. 45-X for 2 minutes, and 72 °C for 1 minute) followed by one extension step of 72 

v20< _ _°C for.lO.minutes.. • - , :^^lLli l-:.:— >• ^ili^i.. . • - - 

One tenth of the volume of each PCR reaction was electrophoresed 
on a 1.5% agarose gel, stained with ethidium bromide, and visualized with 
ultraviolet light. - ., . :: \. .> \ . - ' < 

25 Example 7 — Sequencing. 

j . « Primers to CIA-1 were used to amplify ^ a 46 1-bp Augment from &e 
hypervariable region of VP-1, as identified by Rehshaw et al., "A Hypervariable 
. Region in VP1 of Chicken Infectious Anemia Virus Mediates Rate of Spread and 
Cell Tropism in Tissue Culture," J. Virology 70:8872-8878 f 1996), which is 
3 0 hereby incorporated by reference. - Hie PCR reaction mixture contained 100 ng of 
DNA, 1.5 mM MgCl 2 , 0.25 units Taq DNA polymerase, IX PCR buffer, 50 pmole 
each primer (primer OIF: AGGTGTATAAGACTGTAAG (SEQ: ID. No. 3), 
primer PshAIR: GAACAGGTGCCAGCCCCCAAACAT (SEQ. ID. No. 4)), and 
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0.25 mM each NTP in a 50 \iL total volume. The PCR reaction was performed 
for 35 cycles after an initial 5 minute denaturation step at 94 °C (each cycle was 
94 °G for 1 minute, 45 °C for 2 minutes, and 72 °C for 1 minute) followed by one 
extension step of 72 °C for 10 minutes. The PCR reactions were electrophoresed 
5 : t on a 1.5% agarose gel, the bands were removed, and DNA extracted with the 
- ! Concert gel extraction kit (Gibco-BRL, Life Technologies, Gaithersburg, MD) 
according to the manufacturer's instructions. DNA sequencing was done at the 
BioResource Center at Cornell University on Perkin Elmer Biosystems model 
377-XL DNA sequencer (The Perkin-Elmer Corporation, Norwalk, CT) using 
10 dye-terminator chemistry: v ( > ) V: v 

Example 8 - Sequence Analysis, u 

J : ■ .Sequences were aligned with published CIAV sequences using the 

Clustal method of MegAlign (Windows 32 3.18 DNASTAR) software 
1 5 (DNASTAR, Inc., Madison, WI). GenBank accession numbers of the sequences 
used in the alignment are as follows: Cux-1 is M5591 8 and CIA-1 is L 14767. 

Example 9 - Experimental Design. 

v Two experiments were performed to compare the relative 
20 . .. susceptibility of Lvarious cell lines representing three groups, CD4+/8-V CD4-/8+, 
'*:\>:lt.< and CD4-/8r. - Two trials comprised Experiment 1 in which cell lines were 
•:'} * inoculated with Batch-1 Cux-1 virus at the rate of 0, 1 ml undiluted virus/ 1-ml 
culture (1 MID/culture). Cultures were examined at 4, 7, 10, and 17 days post 
inoculation (DPI) in trial 1 and at 3 and 7 DPI in trial 2. Five trials were 
25 conducted in Experiment 2 using Batch-2 Cux-1 inoculated at the. rate of 20 \xL of 

3 

/ .« 10 TICD 5 o)/ml of ciilture. Examinations were 

■f^jp:. ;M 2-/ta 3^ay^intereais}froxii:3Jo i 9^£1.0 DPI./ '*. <: *. . ; ,.. 

^: Comparative tilxa^^ of Cux-1 (Batch 2) and CIA-1 (Batch 2) 
tf: \ :h were carried but using MSB li.(L)i-T^S^l\ (S)/Snd GUI 47 cells in the course of 2 
; 30 trials (Experiment 3). Samples from several • of the individiial cxiltures were 

;v ..scrc^ . 
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Example 10 - Phenoty pic Characteristics of Cell Lines. 

Phenotypic classification of all cell lines tested is shown in Table 1 
Discrepancies from previously reported phenotype classification (Schat et aL, 
"Transformation of T-Lymphocyte Subsets by Marek's Disease Herpesvirus," J. 
Virology 65 : 1408- 1 4 13 (1991), which is hereby incorporated by reference) 

involved three lines: CU 14, CU 109, and CU, 145 (see footnote, Table 1). 

i 

Example 11 - Comparative Susceptibility of Cell Lines to Cux-1 C1AV 
(Experiments 1 and 2). 

Results from Experiment 1 , reported in Table 2, show clear-cut 
differences among lines in susceptibility to the Gux-1 strain of CIAV. 
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Table 2. Relative susceptibility of MDCC lines to the Cux-1 strain of chicken 
infectious anemia virus (Experiment 1). A 

Immunofluorescence tests: positive 
cells/50,000 > 

Cell line - passage or ; • ' '• , • . ,, : 



Phenotype 


days in culture (DIC) 


3^4 DPI B 


7 DPI 


10 DPI 




IVloJO 1 \Lt ) — 1 p 


n 
V 


A 


0 C 




n \ 1 ts '' lit 




U 


D 




CU12--?pDIC 


0 


36 


810 




CU14-150DIC 


0 


0 






CU32-115DIC 


0 


0 


... 




CU36-115DIC 


0 


14 


1,618 




PT TQ4 — 4.7 TYIC 




OQ 500 






CI 11 05 — 21 DTP 




10 700 






CU105-39DIC 


4 


9,250 






CU147 100 DIC 


792 


30,056 




CD4-/8- 


CU86-35DIC 


0 


1,166 


10,100 




CU108- 66 DIC 


27 


130 


10,400 




CU109-37DIC 


106 


12,950 






CU109-55DIC 




692 






CU123-104DIC 


2 - 


... 2,426 






CU133-125DIC 


0 


294 





- A One-ml cultures of 250,000 cells were inoculated with 1 00 jiL of undiluted Batch- 1 

Cux-1 CIAV (estimated to be 1 minimal infective dose). All uninoculated controls 
5 negative at 7-DPI. 

. ; _ • V . B . DPI f= days post inoculation _ j 

c This culture was still negative at 17 DPI . 
D ... — not done 
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10 



Of the five CD4+/8- lines tested, only two, CU12 and CU36, showed signs of 
infection during the experimental period of 7 to 17 days. In contrast, all three 
CD4-/8+ and all five CD4-/8^ lines had antigen-positive cells by 7 DPI. In one of 
the trials, MSB 1 (L) cells were still negative after 1 7 days, suggesting that the 
culture truly failed to, become infected. It should be noted that the titer of the 
inoculum for tins experiment was very low (only I MID per culture), so the 
absence of infection in some lines should be viewed with caution and not 
necessarily taken to mean that the cultures were refractory to infection. 

In Experiment 2 (Table 3), the dose of Cux-1 virus was somewhat 
higher (approximately 10 TCIDso/ciiltuire). 



Table 3. JRelative susceptibility of MDCC lines to thejCux-1 strain ojT chicken 
infectious anemia virus (Experiment 2). A 



Immunofluorescence tests: positive 
cells/50,000: i". 



Cell line — passage or 



Phenotype 


Days in culture (DIC) B 


3 DPI 0 


5 DPI 


7 DPI 


CD4+/8- 


MSB1 (L)-150p 


0 


0 


D 




MSB1 (L)-367p 


0 


0 


0 




MSB1 (S)-X+26DIC 


0 


52 


325 




MSB1 (S)-X+33DIC 


0 


12 


502 




MSB1 (S)-X+43DIG 


0 


8 






MSB! (S)-X+51DIC 


0 


8 






CU78 - 58 DIC 


0 


20 


276 




CU95-75DIC 


0 


260 


2,176 




CU95-85DIC 


0 


138 






CU137-61DIC 


0 




6,400 


CD4-/8+ 


CU82-26DIC 


1 . 


■■; 57 
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/^1T TOO 


- 30 Die 


11 


1,536 


CU94- 


- 37 DIC 


25 


6,400 


pT T 1 1 O 

CU112 


— 79 DIC 


0 


A 

4 


/~\x [ion 

CU139 


— 43 DIG 


0 


86 


CU145 


— 43 DIC 


0 


212 


CU147 


— 66 DIC 


88 


30,000 


CU147 


— 94 DIC 


54 


35,000 


CU147 


-106 DIC 


105 


35 000 


CU 147 


— 116 DIG 


143 


30,000 


CU147 


-66 DIC 


88 


30,000 


CU147 


-94 DIC 


54 


35,000 


CU147 


- 106 DIC 


105 


35,000 


CU147 


- 116 Die 


143 


30,000 


CU147 


- 124 DIC 


1,664 


47,000 


CU150 


- 47 DIC 


0 


19 


CU109 


- 57 DIC 


j_ i 2 ; 


; 36.. 


CU140 


-45 DIC 


o 


360 


CU151 


-73 DIC 


0 


' ' : 251 



2,400 
8,000 



3,700 
3,200 



A One-ml cultures of 250,000 cells were inoculated with 20 uL of 10' 3 Batch-2 Cux-1 
CIAV. All uninoculated control cultures were negative at 5 DPI. 

--Days in culture for MSBI (S) unknown. X = initial passage level (as obtained for these 

- studies); subsequent days inculture are indicated as +26; for example. 7 1 

c 1 ■ * » " \ 

> DPI = days post inoculation 

D ...=notdone , 

- In this case, 4 of 8 CD4-/8+ lines and 1 of 3 CD4-/8- lines showed evidence of 
infection by 3 DPI, compared to none of 6 CD4+/8-lines. With" ttie exception of 
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MSBI (L), all lines were positive by 5 DPI, and all showed increases in the ^ 
proportion of positive cells in sequential samplings. . Five replicates of CU 147 
cells, 4 replicates of MSB 1 (S), and 2 replicates each for MSB ! (L) and CU95 
cells were included in the five trials comprising Experiment 2. The results from 
trial to trial with these lines were remarkably similar. 



Example 12 - Comparative Susceptibility of MSBI and CU147 Cell Lines to 
Cux-1 and CIA-1 Strains of CIAV. 

10 The initial attempt to adapt CIA-1 virus to cell culture was carried 

out in MSB 1 (S) and CU147 cells inoculated in parallel with Batch-I virus (liver 
extract). No evidence of infection was seen in periodic examinations until 9 DPI 
when the CU147 culture had a few (3/50,000) positive cells in IF tests. By 13 
DPI, the infection rate had increased to 896/50^000 cells positive and at 17 DPI it 

15 "had doubled to 1 ,926/50,000 ■ ; >TTie parallel culture of MSBI (S) cells remained 

negative through 27 DPI. Undiluted virus harvested as supernatant fluid from the 
infected CU147 cells at 15 DPI was inoculated (0.5 ml per culture) into MSBI (S) 
cells and CU147 cells for a second passage. At 2 DPI, infection was evident in 
the CU147 cells (60/50,000 positive) but not USBl (S);cells; by 4 DPI, the MSBI 

20 culture had 4 positive celIs/50,000 and thie infection in the CU 1 47 cells had - 

increased to 7,168 positive. .Virus harvested from the GUI 47 cells at 5 DPI . 

constituted the Batch-2 stock of CIA-1 virus used in other experiments. 

The relative susceptibility of MSBI (S) and CU147 was further 
investigated by doing parallel titrations of Cux-1 and CIA-1 in both cell types. 

25 " Results are found in Table 4. 
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Table 4. Titration of Cux-1 (Batch 2) arid CIA- 1 (Batch 2) strains of CIAV in MSB1 
(S) and CU147 cells. (Experiment 3) A 

Immunofluorescence tests: positive cells/50,000® . 



MSB1 cells CU147 cells 



Virus 


, Dilution 


3 DPI 


6 DPI 


8 DPI 


10 DPI 


3 DPI 


6 DPI 8 DPI 


10 DPI 


Cux-1 


io- 3 


0 


34 


119 


••• 


72 


30,000 ... c 


... 










7 










'•i 


IP" 4 


0 


5 


47 


28,000 


6 


23,000 


•*• 










(2/4) [2/4] 


(3/4) 








—-. . 


. IO" 5 


0 


. 0 


0 


0 


0 


4,930 >40,000 












(0/4) [0/4] 


(0/4) 




(4/4) [3/3] 






io- 5 


0 


0 


0 


0 


0 


0 1,600 


10,000 










(0/4) [0/4] 


(0/4) 




(1/4) [2/4] 


(1/4) 


CIA-l 


io* 3 


. 3 


38 


360 




405 


>40,000 












(4/4) [4/4] 












:__10 4 _: 


_l 0 _ 


, 1 ' 


39;. 




_ 38; 


>40,000 ... 












: (4/4) [2/2] 












•• lb- 5 - 


0 


b 


. 3 




4 


20,000 












(2/4) [3/4] 












ict 6 


0 


0 


0 




0 


4,030. 












(0/4) [0/4] 












io- 7 




0 








0 





A Each virus dilution inoculated into 4 replicate cultures (single cultures for 10" dilution) at the 
rate of 20 jiL/250,000 cells in 1 ml. 
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examined by EF test. Figures in brackets = numbers of replicates positive/number 
examined by PCR. 
0 ... = not done. 

5 . It can.be seen that the endpoirit titers were higher, and the' rate of virus spread 
(based on the number of virus-positive cells) was substantially higher for both 
, virus strains in CU 1 47 cells thaa in MSB 1 (S) cells. TTie TCID50 titers (calculated 
from 8-DPI examinations) for Cux-1 virus in MSB 1 (S) cells and CU 1 47 cells 
were lO:?- 7 and 10" 74 /ml , respectiveiy. /^Wilh.g^-l .virus^tfae 8 r E>PI TCED50 titer 
10 was lO"^ 7 ., Unfortunately, the titer in CU147 cells was not determined at 8 DPI; 
however, the MID titer of the CIA-1 virus strain at 6 DPI was at least 10 times 
higher in CU 147 cells than in MSB1 cells. Also, it should be noted that the rate of 
; spread of infection in/the CU147 cells appeared to.be very ra P^ involving the 
^ majority of the cells withm 

; Example 13 - DNA Sequence Comparisons with Cux-1 and CIA-1 Strains of 

„.PCR screening of the titratiori-endpoint cultures at 8 DPI 
confirmed the fluprescent antibpdy findings with a few exceptions. In three 

20 instances; (see Table 4: Cux-1 in MSB1 cells at the 10" 4 dilution, Cux-1 in CU-147 
cells at the 10" 6 dilution, and CIA-1 in MSB 1 cells at the 10' 5 dilution), one or two 
of the four replicates were positive by PCR but negative by IF. .Of the cultures 
tested again at 10 DPI, only one (a replicate of 10" 4 Cux-1 in MSB! cells) changed 
its status from negative to positive in the IF test. 

25 . Four samples from the Cux-1 titrations (lpf 3 and 10" 4 in MSB1 

cells and 1 0" 5 and 1 0" 6 in CU1 47 cells) and three samples from CIA-1 titrations 
(10" 3 and 10" 5 in MSB 1. cells and 10' 5 in CU147 cells) were amplified and 
sequenced. In each case; the sequences of these samples matched those of the 
respective inocula (Cux-1 or CIA-1) in all positions where the two strains differ 

30 from each other. 
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Example 14 - Comparative Susceptibility of Marek's Disease (MD) Cell 
Lines to CIAV. 

This was the first extensive comparison of various MD cell lines to 
5 determine their relative susceptibility to CIAV. Earlier studies by Yuasa (Yuasa, 
"Propagation and Infectivity Titration of the Gifu-1 Strain of Chicken Anemia 
Agent in a Cell Line (MDCC-MSB1) Derived From Marek's Disease 
Lymphoma," Nat Inst. Anim. Health Oi 23:13-20 (19831 which is hereby 
incorporated by reference); CKahHratilieke et al.'(CKandratilleke et al., 
10 "Characterization of Proteins of Chicken Infectious Anemia Virus with 
Mohoclonal Antibodies,'' AvikiiDis. 35:854-862 (1991), which is hereby 
incorporated by reference); and kenshav/ et aL (Rehshaw et al., "A Hypervariable 
Region in VP1 of Chicken Infectious Anemia Virus Mediates Rate of Spread and 

. , _ _ll Cell Tropism in Tissue Culture," J" Virology 70:8872-8878 (1 996), which is 

1 5 hereby incorporated by reference) examined several virus strains but only a small 
number of cell lines, most of which were either known, or presumed to be, 
CD4+/8-, TCR2+, or 3-h Differences in susceptibility associated with either the 
cell line or the virus strain were reported. In the present study, lines of various 
phenotypes were included, such as CD4-/8+ and CD4-/8- lines in addition to the 
20 more usual CD4+/8- lines. This was possible because lines derived from MD 
local lesions (Calneket "Pa&ogenesis of . 
Local Lesions. 1 . Lesion Characterization and Cell Line Establishment," Avian 
Dis. 33 :291-302 (1989), Which is hereby incorporated by reference) have a richly 
' diverse group of phenotypes (Schat et al., "Transformation of T-lymphocyte 
25 Subsets by Marek's Disease Herpesvirus " J. Virology 65: 1 408- 1 4i 3 (1 991 ), 

which is, hereby incorporated by reference). All of the latter, which made up the . 
majority of the cell lines tested, were identical in terms of their genotype and the 

strain of transforming M^ 

Vv differences based oh pherioty£e &lone- * v 

30 ^ ? ' ' Itis 

. differences in susceptibility to Cux-1 virus among the lihe£ in the various 
phenotypes, the variability within phenotypes makes it difficult to draw 
conclusions regarding the effect of the phenotype itself. Although the most 
susceptible lines were either CD4-/8+ or CD4-/8-, several lines within these 
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groups were no more susceptible than CD4+78- lines. There was no apparent 
difference in susceptibility between TGR2+ and TCR3+ lines. One line, CU147, 
was strikingly consistent in being highly susceptible to Cux-1 virus. For that 
reason comparative tests with both Cux-1 and CIA-I viruses were carried out in 
5 : both MSB1 (S) and CU147 bells. Data in Table 4 illustrate the superiority of the 
latter for detecting either strain of ^CIAV in terms of the initial appearance of 
• infected cells in EF tests, the speed of spread to involve a majority of the cells in a 
given culture, and the titer of virus detected within a 10-day culture period. 

The difference in susceptibility between the two sublines of MSB 1 
1 0 . was consistent with results reported by Renshaw et at, "A Hypervariable Region 
iri VP 1 of Chicken Infectious Anemia Virus Mediates Riate of Spread and Cell . 
„ Tropism in Tissue: CviltureJ ? J. Virology 70:8872-8878 H996\ which is hereby 
- - - r incorporated by re^ in Tables 3 and 4 suggest that the 

MSB 1 (L) cells werie refractory to infection by Ciix^ 1 Virus, this may be a 
15 reflection of the low titer of the inoculum and/or the short observation period in 
some of those trials. Othe* tri^ls/carrted but for longer periods or with more 
virus, confirmed that the line is susceptible, albeit only poorly so. 

"•■"- r A major discrepancy between results reported by Renshaw et al., 
"A Hypervariable - Region in VP 1 of Chic 

-20 Rate of-Spread and Cell-Tropism in Tissue Culture/A J; Virology- 70:8872-8878 — 

(1 996), which is hereby incorporated by reference, and those obtained in the 
Examples above has to do with the ability of CIA-I virus to grow in CU147 cells. 
Renshaw et at stated that repeated attempts to propagate CIA-1 in CU147 cells 
failed. Yet, in the Examples above the line was found to be very highly 
25 susceptible, even more so than MSB1 cells (this could be explained by the fact 
. ._ that the authors of the earlier study maty have had some technical difficulties in 

growing the CU 147 cell line). Also, it should be noted that the CIA-1 virus grew 
slowly in CU147 cells in the initial cultures inoculated with bird-propagated virus, 
but it grew rapidly after two passages in culture. In contrast, MSB1 (S) cells 
30 failed to become infected from the same bird-propagated virus used to infect 

„ . CU 147 cells, and even the virus from the 2 nd passage in CU 147 cells grew to a 

lesser extent in MSB1 cells than in CU147 cells. The variance between the two 
studies was not d"** to a misidpntification of the CTA-1 strain. Cross 
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contamination was ruled out by sequencing the hypefvariable region of Cux-1 and 
CIA-1 obtained from the titrations. The DNA sequence comparisons conducted 
with the two virus inocula and also with virus harvested from terminal dilutions of 
the titration of GIA-1 confirmed conclusively that the viruses were those intended. 
5 No other strains were being propagated in the laboratory at the time of these 
experiments. It is interesting to note that the comparative tests with PCR versus 
IF to detect infection were in general agreement although PCR detected a few 
terminal-dilution cultures missed by the IF test. 

The standard substrate for growing CIAV in vitro has been the 
10 MSB1 cell line (von Bulow et al., "Chicken Infectious Anemia," Diseases of 
, Poultry. 10 th ed., Iowa State University Press, pp r 739-756 (1997) and McNulty, 
"Chicken Anemia Agent/' A Laboratory Manual for the Isolation and 

_ . _ . Identification of Avian Pathogens. 3j ed., Kendall/Hunt ; Publishing Co., Dubuque, 

IA, pp. 108-109 (1989), which are hereby incorporated by reference). The present 
15 invention demonstrates the usefulness and apparent superiority of CU147 as an 
alternate cell line for growing at least two strains of CIAV (Gux-1 and CIA- 1) in 
vitro. 

Although the invention has been described in detail for the purpose 
- of illustration, it is understood that such detail is solely for that purpose, and . 
—20 variations can be madejhereinjby those skilled in the art^without departing from , 
the spirit and scope of the invention which is defined by the following claims. 
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WHAT IS CLAIMED: 

t ■ . 

1 . A method of propagating chicken infectious anemia virus 

comprising: ...... i ; 

providing a Marek's disease chicken cell line - CU147 culture and 

r, 

5 inoculating the culture with a chicken infectious anemia virus 

under conditions effective to propagate the virus in the culture. . 

2. The method according to claim 1, wherein the chicken 
infectious anemia virus is selected from the group consisting of CIA- 1 strain, 

10 Cux-1 strain, Gifu strain, TK-5 803 strain, CAA82-2 strain, L-028 strain, Conn 
strain, GA strain, 26P4 strain, SR43 strain, and CL-1 strain. 

3. The method according to claim 1, wherein the Marek's 
disease chicken cell line - CU147 culture is derived from Marek's disease 

15 lymphoma cells. 

4. The method according to claim 1, wherein the Marek's 
disease chicken cell line - CU147 culture is established from early local lesions 
induced by Marek's disease virus. 

20 ~~rv~ ~ ■ .1"," 

5. The method according to claim 1, wherein the Marek's 
disease chicken cell line - CU147 culture is established from early local lesions 
induced by Marek's disease virus and alloantigens: 

25 6. The method according to claim 1, wherein said inoculating 

is at a rate from about 20 \iL undiluted virus/ml culture to about lOCTpJL undiluted 
virus/ml culture. 

7. A method of isolating chicken infectious anemia virus from 
30 a sample comprising: . ; 

providing a biological sample infected with a chicken infectious 

anemia virus; 
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providing a Marek's disease chicken cell line - CU147 culture; 
incubating the culture with the biological sample under conditions 
effective to allow the virus to infect the culture; and 
isolating the virus from the culture. 

8. The method according to claim 7, wherein the biological 
sample is selected from the group consisting of blood, mucosal scrapings, semen, 
tissue biopsy, embryonal tissues, secretions and excretions, and swabs of bodily 
fluids. 



10 



9. The method according to claim 7, wherein the chicken 
infectious anemia virus is selected from the group consisting of CIA-i strain, 

_ Cux-1 strain, .Gifii strain, TK-5803 strain, CAA82-2 strain, L-028 strain, Conn 

strain, GA strain, 26P4 strain, SR43 strain, and CL-1 strain. 

. , ..... . . ... 

15 

1 0. The method according to claim 7, wherein the Marek's 
disease chicken cell line - CU147 culture is derived from Marek's disease 
lymphoma cells. 

20 1L- The method according to claim 7, ^ wherein ^e Marek's . 

disease chicken cell line - GUI 47 culture is established from early local lesions 
induced by Marek's disease virus. 



12. The method according to claim 7, wherein the Marek's 
25 disease chicken cell line - CU1 47 culture is established from early local lesions 
induced by Marek's disease virus and alloantigens. 



13. A method for identifying chicken mfectious anemia virus in 
a sample comprising: 
30 providing a biological sample potentially containing a chicken 

infectious anemia virus; ' ^ ' , 

providing a Marek's disease chicken cell line - CU147 culture; 
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incubating the culture with the biological sample under conditions 
effective to allow any of the^virus present in the biological sample to infect the 
culture; and 1 

identifying the presence of any of the virus in the culture. 
5 •• ■ . ' " • ■ ■ ■■ ; - - : : 

14; ? The method according to claim 13, wherein the biological 
: sample is selected from the group consisting of blood, mucosal scrapings, semen, 
tissue biopsy, embryonal tissues, secretions and excretions, and swabs of bodily 
fluids. 

10 ■ ' ••• ' ' \ ; • ■ - • •>;,:'.. >- — • i: 

j '- - 1 r ' 15: - The, method according to claim 13, wherein the chicken 
infectious anemia virus is selected from the group consisting of CIA-1 strain, 
„^C^-l_strain,^ Conn 
strain, GA strain, 26P4 strain, SR43 strain, and CL-1 strain. 
15: ,:>rx ■< - i ..-.v..,,' •/ * ' 

: ^ % r t 5 16. The method according to claim 13, whereiii the Marek's 
disease chicken cell line - CU147 culture is derived from Marek's disease 
lymphoma cells. 

. 20 - .^1:17.^ Themethodaccording to claim 13, wherein the Marek's _ 
disease chicken cell line - CU147 culture is established from early local lesions 
induced by Marek's disease virus. 

18. - The method according to claim 13, wherein the Marek's 
25 disease chicken cell line - CU147 culture is established from early local lesions 

induced by Marek's disease virus and alloantigens. 

19. A method for quantifying chicken infectious anemia virus 
in a sample comprising:- • 

30 providing a biological sample containing a quantity of chicken 

infectious anemia virus; . 

providing a Marek's disease chicken cell line - CU147 culture; 
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. t incubating the culture with the biological sample under conditions 
effective to allow the virus to infect the culture; and 

titrating the quantity of virus in the culture. 

5 20. The method according to claim 1 9, wherein the biological 

sample is selected from the group consisting of blood, mucosal scrapings, semen, 
tissue biopsy, embryonal tissues, secretions and excretions, and swabs of bodily 
fluids. : r 

10 21. The method according to claim 1 9, wherein the chicken 
infectious anemia virus is selected from the group consisting of CIA-1 strain, 
Cux-1 strain, Gifu strain, TK-5803 strain, CAA82-2 strain, L-028 strain, Conn 
strain,_GA strain, 26P4 strain, SR43 strain, and CL-1 strain^ . . , 

15 22. The method according to claim 19, wherein the Marek's 

disease chicken cell line — CU147 culture is derived from Marek's disease 
lymphoma cells. 

23. The method according to claim 19, wherein the Marek's 
20 disease cMcken ceH line ~ CU147 lesions.. „ 
, : . induced by Marek' s disease virus. 

24. The method according to claim 1 9, wherein the Marek's 
disease chicken cell line — GU147 culture is established from early local lesions 

25 induced by Marek's disease virus and alloantigens. 



. . . . . 25. A high titer vaccine formulation for chicken infectious 

1 „ ?r. anemia virus; comprising an immunologically effective amount of chicken 

infectious anemia virus propagated in a Marek' s disease chicken cell line - CU147 
30 culture. . - . ■ 



; VH : f Y w'i i 26. 'J The vaccine.formulation according to claim 25, wherein the 
vaccine formulation is a live vaccine. 
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27. The vaccine formulation according to claim 25, wherein the 
vaccine formulation is an inactivated vaccine. 

5 28. The vaccine formulation according to claim 25 further 

comprising a pharmaceutically acceptable carrier. 

' - ■ ■ 29. The vaccine formulation according to claim 25, wherein the 
vaccine formulation is a combined vaccine which further comprises one or more 
10 antigens of at least one unrelated avian pathogen. ■ 7 ■ 

: V: : f . • 30; ~? -The vaccine formulation acc^rding;to.xlaim29^wherein.the 

._^-^tJe^;oiid unrelated, avian pathogen; is selected from: the; ^groupico^isting of 

- ! Newcastle Disease virus, Infectious Bronchitis vims, Infectious Bursal Disease 
15 ^:srirus/^ .""-**' 
Laryngotrac Syndrome 
virus,* Avian • Encephalomyelitis virus^ Reticuloendothbliosis virus,- Leukosis 
virus, Fowlpox virus, Turkey Rhinotracheitis virus, Adenovirus, and Avian 
Influen2a : Viriis: ^7" -v. .-V ^ r 



31. The vaccine formulation according to claim 25, wherein the 
chicken infectious anemia virus is propagated in the Marek's disease chicken cell 
line - CU147 culture to a titer of at least 5 x 1 0 7 TCID 50 . 

25 32. A method of immunizing poultry against chicken infectious 

anemia virus comprising: 

administering a vaccine prepared from chicken infectious anemia 
virus propagated in a Marek's disease chicken cell line - CU147 culture in an 
amount effective to induce an immune response to the virus. 



30 



33. The method according to claim 32, wherein the vaccine is a 

live vaccine. 
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34. The method according to claim 32, wherein the vaccine is 
an inactivated vaccine. 

35. The method according to claim 32, wherein the vaccine 
5 further comprises a pharmaceutically acceptable carrier. 

36. The method according to claim 32, wherein the vaccine is a 
combined vaccine which further comprises one or more antigens of at least one 
unrelated avian pathogen. .> . ; v . > , ; 

10 ' . / . \ • 

37. The method according to claim 36, wherein the at least one 
unrelated avian pathogen is selected from the group consisting of Newcastle 
Disease virus, Infectious Bronchitis virus, Jnfectious Bursal Diseasejvirus, _ 
Marek's Disease virus, Herpes virus of Turkeys, InfectiousXaiyngotracheitis 

1 5 virus or other avian herpes, Reo virus, Egg Drop Syndrome virus, Avian 

Encephalomyelitis virus, Reticuloendotheliosis virus, Leukosis virus, Fowlpox 
virus, Turkey Rhinotracheitis virus, Adeno virus, and Avian Influenza virus. 

38. The method according to claim 32, wherein the chicken 

20_. __infectious anemia virus is.prop_agated in the Marek's disease chicken cell line - 

. ; CU147 culture to a titer of at least 5 x 1 0 7 TCID 50 . : 
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SEQUENCE LISTING 
<110> Cornell Research Foundation, Inc. 

<120> IMPROVED METHODS TO ISOLATE, IDENTIFY, QUANTIFY, AND 
PROPAGATE CHICKEN INFECTIOUS ANEMIA VIRUS AND HIGH 
TITER VACCINE 

<130> 19603/2951 

<140> To Be Assigned 
<141> 2001-03-08 

• ■ • ' 

<160> 4 

<17 0> Patentlri Ver. 2.1 

<210>* 1 
<211> 20 

<212> DNA * 

<213> Artificial-Sequence - — . ._™_ . 

<220> 

<223> Description of Artificial Sequence: primer 
<400> 1 

caagtaattt caaatgaacg .20 

<210> 2 
<211> 20 

<212> DNA ~ 7" " " " ~ ~ ""■ ~" 

<213> Artificial Sequence 

<220> 

<2 23> Description of Artificial Sequence: Primer 03R 
<400> 2 

ttgccatctt acagtcttat 20 



<210> 3 
<211> 19 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer OIF 

1 
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<400> 3 

aggtgtataa gactgtaag 



X9 



<210> 4 

<211> 24 ■ " ( ' " ' 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial. Sequence: Primer PsnAlR 
<400> 4 

gaacaggtgc cagcccccaa acat 24 
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